Complement activation plays a major role in several renal pathophysiological conditions. The three pathways of complement lead to C3 activation, followed by the formation of the anaphylatoxin C5a and the terminal membrane attack complex (MAC) in blood and at complement activating surfaces, lead to a cascade of events responsible for inflammation and for the induction of cell lysis. In case of ongoing uncontrolled complement activation, endothelial cells activation takes place, leading to events in which at the end thrombotic microangiopathy can occur. Atypical haemolytic uremic syndrome (aHUS) is a thrombotic microangiopathy characterized by excessive complement activation on the surface of the microcirculation. It is a severe, rare disease which leads to end-stage renal failure (ESRF) and/or to death in more than 50% of patients without treatment. In the first decade of the second millennium, huge progress in understanding the aetiology of this disease was made, which paved the way to better treatment. First, protocols of plasma therapy for treatment, prevention of relapses and for renal transplantation in those patients were set up. Secondly, in some severe cases, combined kidney and liver transplantation was reported. Finally, at the end of this decade, the era of complement inhibitors, as anti-C5 monoclonal antibody (anti-C5 mAb) began. The past five years have seen growing evidence of the favourable effect of anti-C5 mAb in aHUS which has made this drug the first-line treatment in this disease. The possible complication of meningococcal infection needs appropriate vaccination before its use. Unfortunately, the worldwide use of anti-C5 mAb is limited by its very high price. In the future, extension of indications for anti-C5 mAb use, the elaboration of generics and of mAbs directed towards other complement factors of the terminal pathway of the complement system might succeed in reducing the cost of this new valuable therapeutic approach and render it available worldwide for patients from all social classes.
Introduction
Haemolytic uremic syndrome (HUS) is a thrombotic microangiopathy (TMA) which is clinically recognized by the simultaneous occurrence of microangiopathic haemolytic anaemia, thrombocytopenia and acute renal failure. Another TMA manifestation is thrombotic thrombocytopenic purpura (TTP) which is characterized, aside from haemolytic anaemia and thrombocytopenia, mainly by neurological involvement and generally by moderate renal impairment.
The clinical and the pathogenic distinctions between HUS and TTP remained poorly defined for decades. The terminology atypical HUS (aHUS) was initially used for HUS not related to diarrhoea by opposition to typical diarrhoearelated HUS, which is the main form of HUS in children. When the latter was found to be caused by infection with Shiga toxin producing Escherichia coli (STEC), the denomination of typical HUS was replaced by STEC HUS. TMA can result from different causes as classified in a report of the European Paediatric Study Group for HUS [Besbas et al. 2006 ]. The following aetiologies and clinical associations have been reported in the literature: (a) infection induced: STEC, Shigella dysenteriae type 1, Streptococcus pneumoniae, HIV; (b) complement-related; (c) ADAMTS13 (a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13) deficiency; (d) diacylglycerol kinase epsilon (DGKE) mutations; (e) defective cobalamine metabolism (hyperhomocysteinemia); (f) drug-induced; (g) transplantation; (h) malignancy; (i) pregnancy-and contraceptive pill-associated; (j) systemic lupus erythematosus; (k) glomerulopathy; and (l) malignant hypertension. In some cases, however, no aetiology or disease association can be found. This paper describes the clinical, pathophysiological and genetic aspects and the actual treatment options of aHUS, in particular the use of an anticomplement factor 5 monoclonal antibody (anti-C5 mAb) that specifically binds to the complement protein C5 with high affinity, which has been used with success since several years for the treatment of paroxysmal nocturnal haemoglobinuria (PNH) [McKeage, 2011] and more recently for aHUS.
Complement system in aHUS: pathophysiology, genetics and clinical features
The activation of the alternative pathway of the complement system in HUS has been known for several decades [Cameron and Vick, 1973; Monnens et al. 1974 ; Thompson and Winterborn, 1981] .
The mechanisms of activation of the complement system are well known and have been summarized in several reviews [Berger et al. 2005; Loirat and Frémeaux-Bacchi, 2011; Verhave et al. 2014 ]. The complement system is an important component of the adaptive and innate immune system and consists of more than 40 plasma and membrane-associated proteins. The innate most important roles of the complement system are the recognition of pathogens, the activation and chemotaxis of leucocytes, and the induction of cell lysis by incorporation of the membrane attack complex (MAC). The three pathways of complement activation (classical, lectin and alternative) lead to complement factor 3 (C3) activation followed by MAC formation on complementactivating surfaces (Figure 1 ). Uncontrolled complement activation at the cell surface can lead to endothelial cells dysfunction and a cascade of events responsible for TMA.
Mutations
Several extensive reports of patient series and reviews of pathophysiology on this topic have been published [Constantinescu et al. 2004; Esparza-Gordillo et al. 2005; Noris and Remuzzi, 2005 Caprioli et al. 2006; Johnson and Taylor, 2008; Rodrigues de Cordoba and de Jorge, 2008; Coppo et al. 2010; Dragon-Durey et al. 2010; Kavanagh and Goodship, 2010; Sánchez-Corral and Melgosa, 2010; Scheiring et al. 2010; Westra et al. 2010; Loirat and Frémeaux-Bacchi, 2011; Keir and Coward, 2011; Zuber et al. 2011; Geerdink et al. 2012; Bresin et al. 2013; Kavanagh et al. 2013; Skerka et al. 2013; Verhave et al. 2014) . The prevalence of mutations and of associated low serum concentrations in aHUS are listed in Table 1 [ Cameron and Vick, 1973; Thompson and Winterborn, 1981; Warwicker et al. 1998; Neumann et al. 2003; Frémeaux-Bacchi et al. 2008; Lhotta et al. 2009 
(AP C3 convertase) Figure 1 . Alternative pathway of the complement system.
The activation of the alternative pathway of the complement system depends on spontaneous hydrolysis of complement factor 3 (C3) in plasma leading to the formation of C3(H 2 O) [Berger et al. 2005 ]. This molecule binds to factor B. Subsequent activation by factor D results in the formation of C3(H 2 O)Bb. This complex cleaves additional C3 to C3a and C3b (split products of C3) constantly and at a low rate. In the presence of an activating surface (e.g. a bacterial wall), C3b is protected from inactivation by circulating regulatory proteins like factor I and factor H or by membrane co-factor protein (MCP) which is a protein anchored to the cell's membrane. As a result the more active alternative pathway C3 convertase C3bBb is formed, which is further stabilized by properdin. The binding of C3b to the C3 convertase results in the formation of the C5 convertases (C3bBbC3b) for the alternative pathway [Berger et al. 2005 ]. The C5 convertases initiate the formation of the membrane attack complex (MAC) by cleavage of C5 to C5a (anaphylatoxin, split product of complement factor 5) and C5b. C5b binds to respectively C6, C7, C8 and multiple molecules of C9 to form MAC. MAC is able to incorporate to cell membranes and to provoke cell activation or even cell lysis [Berger et al. 2005 ]. Roumenina et al. 2009; Tawadrous et al. 2010; Maga et al. 2010; Kavanagh and Goodship, 2010; Noris and Remizzi, 2010; Bresin et al. 2013; Verhave et al. 2014] .
In aHUS, the hyperactivity of the alternative pathway (AP) results from a stabilization of the AP C3 convertase (C3 convertase of the alternate pathway of the complement system) ( Figure 1 ). This stabilization may be caused by loss of function mutations of the genes coding for AP C3 convertase inhibitors [complement factor H (CFH), complement factor I (CFI) and membrane cofactor protein (MCP)] which prevent those molecules from playing their physiological role. Other mutations coding for C3 and complement factor B (CFB) called gain of function mutations increase the solidity of the binding of C3b and Bb (split product of complement factor B) in the AP C3 convertase. Another cause of AP C3 convertase stabilization resides in antibodies directed against CFH. The latter are frequently associated with a homozygous deletion of the genes coding for two CFH-related proteins, CFHR1 and CFHR3 [Dragon-Durey et al. 2010; Lee et al. 2009; Moore et al. 2010; Noris and Remuzzi, 2010; Westra et al. 2010; . Some cases result also from loss of function mutations of the membrane-bound protein thrombomodulin (THBD), involved in the coagulation process ]. The latter also binds to C3b and CFH, and increases the CFI-mediated inactivation of C3b (split product of C3) in the presence of CFH.
Up to 12% of aHUS patients have various combinations of 2 or more mutations of CFH, CFI, MCP, C3, CFB, THBD and/or antibodies against CFH [Esparza-Gordillo et al. 2006; Goicoechea de Jorge et al. 2007; Rodrigues de Cordoba and Jorge, 2008; Delvaeye et al. 2009; Bienaimé et al. 2009; Maga et al. 2010; Noris and Remuzzi, 2010; Geerdink et al. 2012; Bresin et al. 2013; . Not only combined mutations of gene coding for complement factors but also other genetic susceptibility factors such as the risk haplotypes (polymorphisms) in the CFH and MCP genes and mutations of genes coding for factors of the cyanocobalamin system or for DGKE (a protein involved in the coagulation process) [Lemaire et al. 2013] Noris and Remuzzi, 2010; Kavanagh and Goodship, 2010; Sullivan et al. 2010] . The expression of the disease not only depends on the presence of mutations or at-risk polymorphisms in the complement system, but can also be triggered by infection, pregnancy or medications Fakhouri et al. 2010; Noris and Remuzzi, 2010] . In practice, apart from adequate information about the disease and its presenting symptoms, it is impossible to foreseen the risk of occurrence of HUS in family members presenting the same mutation.
might increase

Clinical features
Upper respiratory tract infection or diarrhoea/gastroenteritis triggers onset of aHUS in at least half of patients and up to 80% in paediatric patients Geerdink et al. 2012 ]. Interestingly, diarrhoea preceded aHUS in 20-30% of paediatric patients Noris and Remuzzi, 2010] , which complicates the differential diagnosis with STEC-HUS in children. Pregnancy is a frequent triggering event [Fang et al. 2007, Rodrigues de Cordoba and de Jorge, 2008; Fakhouri et al. 2010; Noris and Remuzzi, 2010; : 20% of women who develop aHUS experience their first presentation in the context of gravidity [Fakhouri et al. 2010] . It takes place mainly at the occasion of the first pregnancy and during the postpartum period . In a large cohort of HUS neither associated with STEC infection nor ADAMST13 abnormalities, but attributed to other various TMA causes (such as glomerulonephritis and cancer), a few cases presented with genetic abnormalities in complement system factors [Besbas et al. 2006; .
The onset of aHUS is generally sudden. Symptoms in young children are pallor, general distress, poor feeding, vomiting, fatigue and sometimes oedema. Adults mention fatigue and general distress. Often symptoms of hypertension are present. Most patients have the complete biologic features of HUS at first investigation and have to be dialysed directly on admission due to the severity of the acute renal failure.
Extra renal manifestations are observed in 20% of patients. Most often reported is the central nervous system (CNS) involvement, ranging from mild orientation disorders to alterations in consciousness, apraxia and epileptic seizures and even coma. But myocardial infarct and skin lesions are also mentioned Noris and Remuzzi, 2010] .
Some patients have a less abrupt onset with subclinical anaemia and thrombocytopenia, while renal function is preserved with variable evolution ].
The outcome of untreated patients is mostly severe [Berger et al. 2005] . At 5 years after onset, the percentage of patients with end-stage renal failure (ESRF) was 73, 50 and 38% in the CFH, CFI and MCP groups, respectively. Relapsing aHUS may occur whatever the genotype. Relapse with complete recovery is characteristic of patients with MCP. Some observations suggest that complement dysregulation may be responsible for atheroma-like vascular complications Davin et al. 2011b] , especially when patients are submitted to prolonged periods of dialysis.
After renal transplantation, aHUS may occur either as a recurrent or de novo form Noris and Remuzzi, 2010; Zuber et al. 2011 ]. The risk of post-transplant recurrence of aHUS depends on the genetic abnormality involved, and ranges from 15 to 20% in patients with MCP mutations and from 50 to 100% in patients with mutations in the genes that encode circulating regulators of complement. In de novo aHUS after renal transplantation, the genetic abnormalities in complement regulators are reported in 30% of recipients.
Differences between children and adults
Frémeaux-Bacchi and colleagues recently compared the genetic and clinical features of aHUS initiated during childhood and adulthood . Onset of aHUS occurred as frequently during adulthood (58.4%) as during childhood (41.6%). The percentages of patients who developed the disease were 23, 40, 70, and 98% by age 2, 18, 40 and 60 years, respectively. Mortality was higher in children than in adults (6.7% versus 0.8% at 1 year; p = 0.02), but progression to ESRF after the first aHUS episode was more frequent in adults (46% versus 16%; p = 0.001). The renal outcome was not significantly different in adults regardless of genetic background. Only MCP and undetermined aHUS were less severe in children than adults. The frequency of relapse after 1 year was 92% in children with MCPassociated HUS and approximately 30% in all other subgroups. The onset occurred as frequently in adulthood (58.4%) as in childhood (41.6%).
Differential diagnosis
It has been proposed recently to define aHUS as a TMA characterized by excessive complement activation at the surface of the renal microvasculature [Scully and Goodship, 2014] . This definition has a major therapeutic implication since plasma therapy and overall anti-C5 mAb have been shown to be successful in the treatment of aHUS, particularly when they are initiated promptly. However, several issues exist for diagnosing aHUS [Scully and Goodship, 2014] . Indeed, a systemic activation of the complement system is not always present. Furthermore, patients with unexplained HUS do not always present with inherited or acquired abnormality affecting components of the complement pathway, whereas such abnormalities are detected in some patients presenting with HUS apparently secondary to other causes [Scully and Goodship, 2014] . For this reason, exclusion and inclusion criteria have been recently established in the UK by the aHUS Rare Disease Group (RDG) (http://rare-renal.org).
TTP and STEC-HUS are TMAs at highest risk to be confounded with aHUS. Indeed, as stated above, 20-30% of aHUS are presenting with diarrhoea. Activation of the AP of the complement resulting from the binding of STEC toxin to CFH has been shown in STEC-HUS [Orth et al. 2009 ]. Furthermore, the renal function can be reduced in TTP [Wada et al. 2014] . The diagnosis of TTP requires, in the majority of cases, that ADAMST13 activity is less than 5-10% [Wada et al. 2014] . STEC-HUS can be diagnosed in the stool by a positive culture of STEC and the presence of Shiga toxin (Shiga toxin polymerase chain reaction) or by the presence of serological antibodies to the O-antigen of the STEC such as O-157 antigen [Espié et al. 2008 ]. Serological and genetic abnormalities of the complement system should be looked for in any patient with HUS when TTP and STEC-HUS have been definitely excluded. As any HUS attributed to other causes can mask aHUS [Fakhouri et al. 2010] , the same parameters should also been screened in those cases. The same remark also concerns STEC-HUS with an uncommon course (familial with different time period at presentation, relapses, late onset, atypical presentation).
It can be questioned why screening for genetic abnormalities is important. Indeed the results are generally not known for several weeks. Therefore they cannot be used for acute indication of plasma therapy or of anti-C5 mAb. Moreover, no genetic abnormalities are found in 30-50% of patients in whom no other cause of HUS is found. However, knowing the genetic features of the patient is important for the prognosis and for the treatment. aHUS related to MCP mutations is often characterized by multiple relapses healing spontaneously with less risk of ESRF than other mutations.
Another issue concerns the reimbursement of the cost of anti-C5 mAb by health insurance companies. In some countries (e.g. Belgium), the presence of an abnormality of the complement system is required for reimbursement.
Treatment of aHUS
Plasma therapy
The success obtained with plasma replacement in TTP decades ago led to the early use of the latter in aHUS [Rock et al. 1991; Loirat 1992] .
Fresh frozen plasma (FFP) brings normal complement proteins to the patient (CFH, CFI, CFB and C3). Plasmapheresis (PE) using plasma as exchange adds to the quantitative and qualitative amounts of 'good' complement proteins, the removal of mutant CFH, CFI, CFB and C3, as well as anti-CFH antibodies and inflammatory products inducing endothelial dysfunction and platelet aggregation. Preventing hyperproteinemia and volume overload eventually resulting in cardiac failure represents another advantage of PE over plasma infusion (PI).
The efficacy of plasma therapy can only be determined on individual reports since no prospective trial has been performed. Because spontaneous recovery is possible with all types of mutations and because patients are treated with different protocols, it is impossible to evaluate correctly the efficacy of plasma therapy in reported series of aHUS patients.
A retrospective attempt was recently made by the members of the European Paediatric Study Group for Haemolytic Uraemic Syndrome. They investigated their clinical practice guidelines for the investigation and initial therapy of aHUS [Ariceta et al. 2009 ] by a questionnaire among paediatric nephrologists across Europe in the months prior to the use of anti-C5 mAb [Johnson et al. 2014] . A total of 59 out of 71 (83%) patients received plasma therapy within the first 33 days after diagnosis, of whom 10 received PI only. There were no deaths during the study period of the first 33 days after diagnosis. However, 17% were still dialysis-dependent, somehow comparable with published paediatric studies and better than the adult outcome [Geerdink et al. 2012; Bresin et al. 2013] . In this study, 31% had complications related to central venous access by day 33.
Differences of efficacy can also be expected from the type of mutation implicated. As MCP is not a circulating protein, a beneficial effect of plasma therapy is unlikely to be expected in MCP mutated patients. Indeed at least 90% of patients with a MCP mutation enter remission after acute episodes, whether or not they receive plasma therapy Noris and Remuzzi, 2010] .
Case reports show clearly that intensive and prophylactic PE is the only plasma therapy modality to recover and maintain a normal renal function at long term in difficult cases associated with CFH mutations . In a family of three sisters presenting with the disease and the same CFH mutation, two of them presented with ESRF in the follow up. The only one who still presented a normal renal function after 11 years follow up despite 2 relapses, received initially daily PE sessions until plasma creatinine normalization and prophylactic sessions every 2 weeks indefinitely with return to daily sessions in case of relapse [Davin et al. 2008; Davin et al. 2011b ]. This is confirmed by the paediatric cases of aHUS with CFH mutation reported in the literature and reviewed by Loirat and Frémeaux-Bacchi . The latter showed that intensive followed by maintenance PE in 10 out 12 aHUS patients resulted in preserved renal function after 1-6 years, whereas all patients treated with plasma therapy during acute episodes only all died or were in ESRF within less than 1 year.
Although case reports suggest that plasma therapy could be useful in patients with CFI, C3, CFB or THBD mutations [Goicoechea de Jorge et al. Fang et al. 2007; Roumenina et al. 2009; Lhotta et al. 2009; Noris and Remuzzi, 2010; Tawadrous et al. 2010; Loirat and Frémeaux-Bacchi, 2011; Johnson et al. 2014] , larger series with a better documentation of the protocol used are necessary to better evaluate this therapy in those cases.
In case of anti-CFH antibodies, prompt PE sessions to lower antibodies, associated with immunosuppression to prevent the level of antibodies increasing again after PE interruption have been shown to be efficacious and safe at long term to prevent relapses [Dragon-Durey et al. 2010; Sana et al. 2014; Sinha et al. 2014] . A later occurrence and a lower frequency of relapses (16.6%) were reported in patients receiving during and after PE sessions, maintenance immunosuppression by prednisone with either mycophenolate mofetil or azathioprine (Sinha et al. 2014) . Prospective studies are needed to confirm these findings.
Many patients of historical series have received some form of plasma therapy at the time of recurrence after kidney transplantation Noris and Remuzzi, 2010] . Most studies suggested that plasma therapy initiated at the time of recurrence often fails to rescue kidney function and to prevent graft loss Noris and Remuzzi, 2010] . The high risk of recurrence and graft lost led some authors to contra-indicate transplantation in aHUS [Ruggenenti, 2002] . The first successful kidney transplantation using prophylactic PE, started before the transplantation and continued indefinitely in a case of familial severe aHUS due to a factor H mutation, was reported in 2005 [Olie et al. 2005; Davin et al. 2011a ]. Thereafter, preventive protocolled plasma therapy started before and peri-transplantation was recommended until the era of anti-C5 mAb [Zuber et al. 2011] .
Unfortunately PE presents numerous disadvantages. It is not always efficacious, certainly when it is not given in time. Adverse reaction to plasma still occurs despite prevention procedures.
Resistance to plasma can be present from the start or can develop within time. It requires regular hours during visits to hospital and can induce several complications associated with the vascular access, infections from contaminated plasma or allergic reactions to plasma intolerance. Since the demonstration of the superiority of anti-C5 mAb, the remaining indications of plasma therapy in aHUS, in particular in children, reside in the window phase of the first 4 days of diagnosis of the underlying disease in an unknown patient, and the impossibility of access to anti-C5 mAb and in anti-CFH mediated aHUS.
Combined liver-kidney transplantation to cure aHUS As CFH, CFI, CFB and C3 are synthesized in the liver, liver or combined liver-kidney transplantation was logically proposed. Several successful cases on condition of intensive plasma therapy during the procedure have been reported [Saland et al. 2009; Loirat and Frémeaux-Bacchi, 2011 ]. However, due to 18% operative deaths and the new era of complement inhibition, this procedure should be considered only on an individual base.
Use of anti-C5 mAb in aHUS
Eculizumab (Soliris; Alexion Pharmaceutical) is actually the only anti-C5 mAb on the market for clinical purpose. Eculizumab is a humanized, mouse anti-C5 mAb with high affinity for human C5, effectively blocking its cleavage into C5a (anaphylatoxin, split product of complement factor 5) and C5b, and as such the inhibition of the subsequent generation of the terminal complement complex C5b-9 and downstream pro-inflammatory and cell lytic properties. To minimize immunogenicity, murine complementarity-determining regions are grafted into human heavy and light chain germline antibody framework sequences. Additionally, human immunoglobulin G 2 (IgG2) and IgG4 heavy chain sequences were combined to form a hybrid constant region that is unable to bind Fc receptors or to activate the complement cascade (www.ema. europa.eu; www.solirisrems.com).
As eculizumab does not interfere with the proximal activation of the complement system, the splits products of C3 which are necessary for opsonisation of microorganisms and clearance of immune complexes, remain intact (www.ema.europa.eu; www.solirisrems.com). Eculizumab was first used with success in patients with PNH. Nowadays several dozen retrospective observations of children and adults treated with eculizumab for aHUS in native or transplanted kidneys have been published [Gruppo and Rother, 2009; Nürnberger et al. 2009; Chatelet et al. 2009; Davin et al. 2010; Zimmerhackl et al. 2010; Heyne et al. 2011; Nester et al. 2011; Weitz et al. 2011; Wilson et al. 2011; Ariceta et al. 2012; Dorresteijn et al. 2012; Ardissino et al. 2013; Cañigral et al. 2013; Gilbert et al. 2013; Gulleroglu et al. 2013; Legendre et al. 2013b; Pelicano et al. 2013; Povey et al. 2013; Reuter et al. 2013; Sinibaldi et al. 2013; Thajudeen et al. 2013; Vaisbich et al. 2013; Belingheri et al. 2014; Chiodini et al. 2014; Christmann et al. 2014; Fakhouri et al. 2014; Green et al. 2014; Román-Ortiz et al. 2014; Tran et al. 2014] . All described success on renal, neurological, cutaneous and myocardial lesions, in all kind of mutations and also when mutations were not identified, and in anti-CFH antibodies mediated HUS. A relapse can be observed when eculizumab is stopped [Nürnberger et al. 2009 ]. Use during pregnancy did not induce any complication in the foetus [Ardissino et al. 2013] . The recommended dosage of eculizumab is reported in [Legendre et al. 2013a] . Of the 13 patients who entered the extension study, all of them continued to maintain normal levels of thrombocytes and renal function improved [Legendre et al. 2013a ]. Eculizumab was well tolerated; 10 patients presented with adverse events deemed related to eculizumab which were graded as generally mild/ moderate [Legendre et al. 2013a ].
Amongst the 20 ⩾ 12 year-old patients with plasma-dependent aHUS sensitive to PE/PI and still receiving plasma therapy at the time of screening, 19 continued into an extension [Legendre et al. 2013a ]. All patients maintained normal platelets count during the whole follow up and none of them necessitated any TMA intervention (no re-entry of plasma therapy). Quality of life was improved. Only six patients had adverse events deemed related to the drug. In both studies, eculizumab was similarly effective in patients with or without identified complement mutations and was well tolerated.
In a retrospective study in paediatric patients treated with eculizumab, normalization of thrombocytes was seen in 14/15 patients [Rathbone et al. 2013] . The data from the prospective clinical trial for eculizumab in paediatric patients with aHUS are currently being analysed.
In conclusion, those prospective and retrospective studies confirm the analysis of case reports of the use of eculizumab in aHUS. Eculizumab treats TMA caused by dysregulation of complement, prevents the recurrence of TMA during treatment, improves renal function, allows discontinuation of chronic PE/PI and is well tolerated.
Eculizumab safety. The use of eculizumab increases a patient's susceptibility to serious meningococcal infections (septicaemia and/or meningitis). Life-threatening and fatal meningococcal infections have occurred. Administration of a tetravalent conjugated meningococcal vaccine (serogroups A, C, Y, W 135) at least 2 weeks before starting eculizumab is recommended.
Re-vaccination of patients may be necessary depending on the duration of eculizumab therapy. If urgent therapy is indicated in an unvaccinated patient, it is recommended to administer the meningococcal vaccine as soon as possible and to start antibiotic prophylaxis (www.ema.europa.eu; www.solirisrems.com).
It has been shown that vaccination reduces, but does not eliminate, the risk of meningococcal infection [Struijk et al. 2013] . The reasons of this lack of efficacy can be multiple. Patients can mount insufficient Ab titres. Another reason is that no available vaccines contained a serogroup B antigen, which is the most prevalent in the rest of Europe and other parts of the world [Bouts et al. 2011] . Based on this risk of meningococcal infection by serogroup B that cannot yet be • 40 kg and over:  900 mg weekly × 4 doses; 1200 mg at week 5; then 1200 mg every 2 weeks • 30 kg to less than 40 kg:  600 mg weekly × 2 doses; 900 mg at week 3; then 900 mg every 2 weeks • 20 kg to less than 30 kg  600 mg weekly × 2 doses; 600 mg at week 3; then 600 mg every 2 weeks • 10 kg to less than 20 kg  600 mg weekly × 1 dose; 300 mg at week 2; then 300 mg every 2 weeks • 5 kg to less than 10 kg  300 mg weekly × 1 dose; 300 mg at week 2; then 300 mg every 3 weeks aHUS, atypical haemolytic uremic syndrome.
prevented by most used vaccines, penicillin prophylaxis should be strongly considered according some authors [Bouts et al. 2011] . The best strategy depends on the distribution of meningococcal serogroups and the availability of vaccines in different countries. A new vaccine including serogroup B became available recently, but some uncertainty remains about the breadth of the conferred protection [Andrews and Pollard, 2014] .
Children treated with anti-C5 mAb may also be at increased risk of developing serious infections due to Streptococcus pneumoniae and Haemophilus influenza type b (Hib). Vaccinations for the prevention of S. pneumoniae and Hib are therefore indicated (www.ema.europa.eu; www.solirisrems.com).
Other side effects reported are hypertension, infections, diarrhoea, vomiting, cough, nasal congestion and tachycardia. Reactions during infusion are possible as for each protein (www.ema.europa.eu; www.solirisrems.com; Legendre et al. 2013a) .
As with all proteins there is a potential for immunogenicity. Low titres of antibodies to eculizumab were detected in 1/37 (2.7%) patients with aHUS treated, but no apparent correlation of antibody development to clinical response was observed in both indications [Parker, 2009] . Eculizumab is a relative young medicine used in humans and no data on serious adverse effects are yet available on the long-term use. These data are needed and should be collected to provide information about the safety profile in the long term.
Anti-C5 mAb treatment issues. In the prospective trials on eculizumab in aHUS [Legendre et al. 2013a] , the diagnostic criteria were limited to the triad of symptoms (haemolytic anaemia, progressive thrombopenia and impaired renal function) in absence of TTP and STEC infection. Abnormalities of the complement system (presence of mutations or reduce concentration of circulating proteins) were not required. In those trials, even if the use of eculizumab resulted in a significant mean increase from baseline of blood platelet count, lactate dehydrogenase (LDH) concentration and glomerular filtration rate (GFR) in the whole cohort of patients, those improvements were not observed in all patients (12% of them were not TMA event-free during the treatment). The lack of efficacy of anti-C5 mAb in those studies has been attributed to a late treatment. However, it does not exclude the fact that some patients included in the trials did not present a HUS related to complement abnormalities. The absence of response to anti-C5 mAb in HUS without complement abnormalities has been confirmed in a young child presenting with HUS associated with a mutation in the gene DGKE, coding for a protein involved in the coagulation process [Lemaire et al. 2013] . The latter results in a prothrombotic state leading to aHUS in a select group of children less than 1 year old. This underscores the need for extensive diagnostic investigation in non-STEC/non TTP HUS to avoid unnecessary anti-C5 mAb use. For this reason, as mentioned above (see differential diagnosis section), some authors have proposed restricting the terminology of aHUS to a TMA characterized by excessive complement activation at the surface of the renal microvasculature [Scully and Goodship, 2014] . In the UK, criteria for allowance of anti-C5 mAb exclude patients presenting with STEC-HUS, other infection-associated HUS (HIV, Streptococcus pneumonia), ADAMTS 13 deficiency or antibodies, drug-associated HUS, transplantation of any type excepted de novo renal, cobalamin deficiency, systemic lupus erythematosus, antiphospholipid syndrome and scleroderma (http://rare-renal.org).
Because of its very high price (around 400,000 euros per year of non-interrupted treatment of an adult), eculizumab is not available for all aHUS patients in the world. When this is the case, plasma therapy remains the best option. Another concern for the long term is the possibility of developing anti-C5 mAb with the risk of resistance to treatment or of serum sickness (although both complications have not yet been reported in a large cohort of patients treated with eculizumab for PNH [Parker, 2009] . Those issues led to the development of anti-C5 mAb sparing strategies.
The possibility of reducing the frequency of eculizumab injections by monitoring the ability of patient's serum to raise the formation of C5b-9 in functional assays has been recently shown [Cugno et al. 2014] . A safe eculizumab interruption under strict surveillance by frequent dipstick for haematuria with immediate re-treatment if necessary has been reported in patients presenting mutations with a lower risk of recurrence [Ardissino et al. 2014] . The possible benefit of minimalizing endothelial stress as increasing risk of recurrence has been reported. Four adult aHUS patients at moderate or even high risk for recurrence received a living donor transplant while minimalizing endothelial damage (aggressive treatment of high blood pressure and cholesterol serum levels, low dose of calcineurin inhibitors and quadruple immunosuppression therapy to limit the risk of rejection). In this study neither anti-C5 mAb nor PE were given prophylactically. No recurrence was seen after more than 2 years' follow up .
Conclusion
It is clear that, with the use of anti-C5 mAb for the treatment of aHUS, a new era for patients with this disease has begun. Anti-C5 mAb has been shown to stop TMA, whether the cause of the dysregulation of the complement is known or not. The registration of this drug for aHUS has completely changed the treatment strategy, the prognosis and the quality of life of patients presenting with this illness.
It now remains to develop prospective multicentre international studies in order to develop guidelines to define what conditions injections might be safely stopped or less frequently given, and to propose protocols for use in case of transplantation.
In the elaboration of anti-C5 mAb sparing strategies, it is important to keep in mind that any delay of treatment of relapse can result in irreversible lesions [Olie et al. 2004] and that any episode of acute renal failure, even of short duration and not needing dialysis, may lead to chronic kidney disease in the long term [Lameire et al. 2013] .
In the future, the extension of indications for anti-C5 mAb use, the elaboration of generics and of mAbs directed towards other complement factors of the terminal pathway of the complement system might succeed in reducing the cost of this new valuable therapeutic approach and render it available worldwide for patients from all social classes.
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